The thermal Marangoni instability of a fluid film coating a deformable membrane has been investigated by taking into account the deformation of the fluid free surface. Numerical calculations for different thermal boundary conditions are presented. The prestressed membrane is supposed to be very thin and therefore its behavior is similar to that of an isothermal fluid free surface with a surface tension but with a different mechanical boundary condition; that is, the fluid should stick on its surface and thus the fluid velocity is zero. An important assumption is that the membrane has no temperature dependence and therefore that only one Marangoni number exists for the free surface of the fluid. Numerical results are presented for stationary and oscillatory thermocapillary instability in both the sinuous and the varicose modes. It is shown that membrane deformation has important implications on the Marangoni instability of the fluid layer for positive and negative Marangoni numbers. C 2001 Academic Press
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I. INTRODUCTION
The problem of fluid motion due to temperature differences across a fluid film has important consequences in the finishing of coated surfaces. It is of interest to find out the temperature gradient necessary to destabilize the fluid layer in order to avoid any motion which may cause waves on the free surface. It has been found that these waves are related to the unevenness found after the coating film has solidified. Therefore, it is important to investigate the instability of the film under different thermal and mechanical boundary conditions. If the fluid layer is very thin buoyancy effects are not important and only thermocapillary or thermal Marangoni (that is, surface tension changes due to a temperature gradient) effects need be taken into account. The stationary case of this problem was first investigated by Pearson (1) for a lower flat wall and an upper free surface without deformation. A variety of mechanical and thermal boundary conditions were used. It was shown numerically by Vidal and Acrivos (2) that the marginal state for surface tension induced convection is stationary as assumed by Pearson (1).
Free surface deformation was taken into account for the first time by Scriven and Sternling (3) in the stationary case and for a lower flat solid wall. They also used different mechanical and thermal boundary conditions. As shown for the flat free surface by Vidal and Acrivos (2), it was shown numerically by Castillo and Velarde (4) that the Marangoni number of the marginal state of stationary convection is smaller than the corresponding one for oscillatory convection in the presence of surface deformation. That is, stationary convection appears first.
Funada (5) investigated the thermocapillary instability of a static liquid sheet, that is, a thin liquid layer which has two free deformable surfaces that are both susceptible to temperature gradients. In this case, two Marangoni numbers are necessary to describe the instability of the sheet. Funada investigated two cases typical in the theory of liquid sheets, that is, the sinuous and the varicose deformation modes. In the first one the waves on the free surfaces are in phase and in the second one they are out of phase by 180
• . Dávalos-Orozco (6) investigated the thermocapillary instability of a liquid sheet in motion from the point of view of the most unstable mode. There, it was shown how the sinuous deformation mode may be the most unstable in the presence of a large enough temperature gradient. Note that the sinuous and varicose modes of instability also may appear before the rupture of isothermal thin liquid films (7).
In this paper, the thermal Marangoni instability of a thin fluid layer coating a deformable prestressed membrane is investigated. The idea is to investigate, in a simple way, the effect a deformable wall may have on the thermocapillary instability in comparison to classical results found in earlier papers (1-4). The membrane is supposed to be very thin but with a prescribed tension. It is assumed that this tension does not change due to temperature gradients and therefore behaves as an isothermal free liquid surface. However, the important difference it has with respect to a free surface is that the fluid coating the membrane sticks to it due to viscous effects and thus the nonslip boundary condition is applied to make the velocity zero on it. This assumption is what makes the difference between the results of the paper by Funada (5) and those of the present one. Here, only one Marangoni number, that of the free surface, describes the thermocapillary instability but again two crispation numbers are
